Electron microscopic observations were carried out to confirm the presence of surface projections on Chlamydia psittaci reticulate bodies (RBs). The morphology of the projections on RBs was identical with that on elementary bodies (EBs); one end of each projection was connected with the cytoplasmic membrane, but the other end of the projection protruded beyond the cell wall through a fine hole or rosette in the cell wall. The results demonstrated that the rosettes seen in RB cell walls were morphological markers indicating the presence of the surface projections. A statistical analysis of the number of projections on EBs and the number of rosettes in RB cell walls prepared at 10, 15, and 20 h after infection demonstrated that all RBs had the projections and that the number of projections was maximal by 10 h after infection and then decreased gradually to approximately the same number of projections on EBs.
Electron microscopic observations were carried out to confirm the presence of surface projections on Chlamydia psittaci reticulate bodies (RBs). The morphology of the projections on RBs was identical with that on elementary bodies (EBs); one end of each projection was connected with the cytoplasmic membrane, but the other end of the projection protruded beyond the cell wall through a fine hole or rosette in the cell wall. The results demonstrated that the rosettes seen in RB cell walls were morphological markers indicating the presence of the surface projections. A statistical analysis of the number of projections on EBs and the number of rosettes in RB cell walls prepared at 10, 15 , and 20 h after infection demonstrated that all RBs had the projections and that the number of projections was maximal by 10 h after infection and then decreased gradually to approximately the same number of projections on EBs.
Organisms of the genus Chlamydia contain two morphological cell types, infectious elementary bodies (EBs) and noninfectious reticulate bodies (RBs). EBs penetrate a susceptible cell and are converted into RBs, which multiply by binary fission, and then RBs undergo maturation to form EBs (3) . This unique growth cycle occurs within intracytoplasmic inclusion bodies limited with a membrane which is derived from the host plasma membrane as EBs are phagocytized. Recently, a procedure in which inclusion bodies could be isolated was established by Matsumoto, using a mild homogenization of infected cells and filtration of the homogenate through a 2,000-mesh screen (7) . Electron microscopic observations of the isolated inclusion bodies demonstrated the presence of surface projections on the RBs and a direct connection between the RBs and the inclusion body membrane by means of the projections, which are cylindrical in shape. These results strongly suggest that RBs are connected directly with the host cytoplasm through canals in the projections. However, the projections on RBs were not readily observed in thin sections (7) or freeze-replicas (5). Therefore, a question of the presence of the projections on all RBs still remained. By scanning electron microscopy, Matsumoto and Higashi reported that each EB possesses only one surface area containing projections, with an average number of 18 projections (10 to 23 projections per EB) (9) . Matsumoto previously reported that the rosettes in EB cell walls were holes from which the projections protrude beyond the cell wall (6).
Further observations concerned specifically with the presence of the projections on the RB surface, together with reexamination of the projections on the EB surface, are reported in this paper.
MATERIALS AND METHODS
Chiamydial strain and its propagations. The meningopneumonitis strain of Chlamydia psittaci and L-cells in suspension cultures were used throughout this experiment. The propagation of the organisms was carried out by the method of Tamura and Higashi (10) .
Preparation of EBs and their envelopes. EBs were purified from infected L-cell cultures 48 h after infection by the procedure of Tamura and Higashi (10) . The cell envelopes (cell wall-cytoplasmic membrane complexes) of EBs were prepared from the purified EBs by a method previously reported (12 At 10 and 15 h after infection, RB cell walls were prepared by a simplified procedure as follows. At 10 or 15 h after infection, the infected cells were washed in phosphate-buffered saline (1), suspended in 0.033 M Tris buffer containing 0.25 M sucrose, and then homogenized in a Teflon homogenizer for 20 min. After centrifugation at 1,500 x g for 10 min, the turbid supernatant was overlaid on a cushion of 30% sucrose in 0.033 M Tris buffer and centrifuged at 9,000 x g for 60 min. The pellet was suspended in 0.2 M Tris buffer (pH 7.3) and treated successively with the enzymes. After centrifugation at 9,000 x g for 60 min, the pellet was suspended in distilled water and mixed with an equal volume of 0.5% sodium dodecyl sulfate solution, followed by incubation for 60 min at room temperature. RB cell walls, insoluble in 0.25% sodium dodecyl sulfate solution, were collected into a pellet after centrifugation at 10,000 x g for 60 min.
Electron microscopy. To observe the envelopes under the same electron optical conditions, such as aberrations and focus degree, EB and RB envelopes prepared separately were mixed together and then stained negatively with 1% phosphotungstic acid (PTA) solution (pH 7.3) on a glow-discharged carbon film covering a copper grid. The RB cell walls were also negatively stained by a procedure similar to that for the envelope mixture but were stained with 0.5% PTA solution on a carbon film 6 nm in thickness covering a microgrid prepared by the method of Fukami and Adachi (2) . All specimens were examined with a Hitachi H-500 transmission electron microscope with a 20-,um objective aperture at 75 or 100 kV.
For statistical analysis, cell walls which did not overlap each other on the carbon film were rapidly .7 FIG. 1. EB and RB envelopes 20 h after infection, prepared separately and stained with 1% PTA solution. The EB envelope retained a round shape because of its rigidity, whereas the fragile RB envelope had an irregular shape. Some projections protruded from the cell walls of both forms, but other projections in RBs were seen within the cell wall (arrows). The inset shows part of an RB envelope where projections were located in a group. White spots (white arrows) are the projections viewed on end. Arrowheads indicate rosettes from which projections had been split off. The projections at the edge of the envelope formed fine bridges in a gap between the cytoplasmic membrane and the cell wall and projected outside. CM, Cytoplasmic membrane; CW, cell wall. Bar, 100 nm. Magnification, x90,000; inset, x150,000.
VOL. 150, 1982 on October 28, 2017 by guest http://jb.asm.org/ Downloaded from photographed at x25,000 or 30,000 magnification under a controlled irradiation of an electron beam, and the figures in the negative films were projected on a screen at X35 magnification for counting the number of rosettes.
Purified EBs were suspended in phosphate-buffered saline, mixed with an equal volume of 5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3), and then filtered through a filter paper (no. 2; Toyoroshi Co. Ltd., Tokyo, Japan) which was heavily coated with gold in a vacuum evaporator and set in a glass funnel (300 ml) of a membrane filter (Millipore Corp., Bedford, Mass.). Immediately after filtration, the filter paper was dipped in 2.5% glutaraldehyde fixative for 60 min. After several gentle washings, the filter paper was dipped again in 1% osmium tetroxide in 0.1 M cacodylate buffer solution for 60 min and dehydrated in an ethanol series, followed by drying with CO2 in a Hitachi HCP-1 critical point dryer. The filter paper was cut into a desired size during dehydration. The sample was coated with a gold:palladium alloy (8:2) on a specimen stage rotating at 60 rpm in a Hitachi HUS-4GB vacuum evaporator at 5 x 10-5 torr and then examined with an Attachment of Scanning Image Device (ASID; JOEL Ltd., Tokyo, Japan) set in a JEM 100B transmission electron microscope at 20 kV. EBs in micrographs in which one could view the whole surface area containing projections were selected, and CM the number of projections was counted for statistical analysis.
Statistical method of analysis. Histograms of the number of projections per EB and the number of rosettes per RB cell wall at 10, 15, and 20 h after infection were delineated, and then the confidence intervals at a significant level of 5% for average numbers of projections or rosettes were calculated with the following equation of inequality (4) EB envelope retained its round shape. Several projections were seen (arrows) in both envelopes. Some projections in the RB envelope protruded beyond the cell wall, but others were contained within the cell wall, suggesting a tight connection between one end of a projection and the cytoplasmic membrane. The inset shows part of an RB envelope in which the projections, viewed on end, were seen in group as white spots with high contrast (white arrows). Some projections at the edges of the envelopes were distinguishable as bridges in a gap between the cytoplasmic membrane and the cell wall (arrows). The width of the outside part of the projections was less than that of the bridges, suggesting that the projections in the bridges might be covered with the cytoplasmic membrane. It is noteworthy that one can see fine holes (arrowheads) similar to the rosettes previously reported in EB and RB cell walls (5). Figure 2 shows an envelope having two groups of projections. Some projections were also viewed on end, whereas other projections were viewed tangentially (arrowheads). In each group, some rosettes were seen (arrows). From these observations, it seemed that one end of each projection in an RB envelope was connected with the cytoplasmic membrane, and the other end projected beyond the cell wall through the rosette. By this interpretation, the rosette is a hole from which the projection is split off when the cytoplasmic membrane is detached from the cell wall during preparation. It is, therefore, very likely that the rosette in the cell wall is a morphological marker indicating the presence of the projection. No projections split off from the rosettes are visible in the inset of Fig. 1 or in Fig.  2 . This may be owing to inadequate contrast of the projections which could lie within the envelope.
Because of the relatively thick deposit of the staining dye or the inadequate contrast of the projections lying in the envelope, it was very hard to observe all projections in RB and EB envelopes. For statistical analysis of the number of projections, RB cell walls were prepared and stained with 0.5% PTA solution, and the number of rosettes was counted. Because of their fragil- ity, the RB cell walls were flatter than EB cell walls when they were dried on the supporting film, resulting in a very thin deposit of the dye and consequently easy identification of the rosettes. Such a staining effect was clearly shown in an RB cell wall prepared at 10 h after infection (Fig. 3) . The cell wall was at the stage of binary fission, and many rosettes in two groups were clearly seen (arrows). Each rosette is 17 to 18 nm in outer diameter and 14 to 15 nm in inner diameter. A total of 12 rosettes were seen in the small group; the other group contained 38 rosettes. The arrangement of the rosettes appeared to be irregular. Some rosettes distributed in sites distant from the groups were also seen (arrowheads). In many cases, the rosettes were located not only in one or two groups, but also scattered all over the cell walls, especially at 10 h after infection. The rosettes were greater in number at early stages than at late stages of infection. Figure 4 shows an EB under the scanning electron microscope. The 18 projections were in a roughly hexagonal arrangement, with a centerto-center spacing of 40 to 70 nm. Results obtained by statistical analysis are summarized in Table 1 . From the values of the confidence interval, it is indicated that the average number of the projections or rosettes in each sample is statistically significant, so that the rosette number decreases from the early to late stages of the multiplication. This tendency is clearly shown in the pattern of the histograms (Fig. 5) , where the 
DISCUSSION
The morphology of the projections on RB envelopes was identical with that on EB envelopes (6); one end of each projection was connected to the cytoplasmic membrane, and the other end projected through the cell wall. This was interpreted to mean that the rosettes in RB cell walls, observed after removal of the projections together with the cytoplasmic membrane by sodium dodecyl sulfate treatment, are holes which are penetrated by the projections. Consequently, it is likely that the presence of projections can be inferred by the presence of rosettes eachEB in the cell walls. By the negative-staining techeach EB nique, we previously concluded that the rosettes were present in only 5.8% of RB cell walls 18 h after infection (5) . However, in the present experiment, all cell walls prepared possessed the rosettes. This difference may have resulted from alls 10 hr the negative staining technique used. When PTA solution at the usual concentration (2 to 4%) was used, the identification of the rosettes was not easy, owing to the heavy deposit of the dye. The thickness of the supporting film was also an important factor in identifying the rosettes. In thin sections of EBs treated with tannic acid to 'IJ| enhance the electron opacity of the specimen, we demonstrated that the projections were cylindrical in structure (8) 
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The results from the present experiment also suggest that the absence of projections on RBs in the usual thin sections is due to the low frequency of projections contained within the sections. Moreover, in the current study, the electron opacity of the projections was readily reduced by washing to remove the excess chemical used to enhance the specimen opacity (unpublished data). Therefore, one might overlook the projections on the RBs because of their low opacity. Owing to these two technical factors, the RBs in thin sections in the previous studies appeared to be without projections.
The number of rosettes within one group of cell walls, especially at 10 and 15 h, frequently outnumbered the number of projections on EBs. Some rosettes scattered over the cell walls were also seen. These facts are difficult to explain when the simple duplication of the number of projections in an RB before binary fission is considered. The mechanism of the morphogenesis of projections and of the formation of the area containing the projections is not known, so the fate of the excess rosettes, including the scattered rosettes, is not clear.
